The size (Tautz et al., 1988). The small RNAs were then and adults showed the highest content of small regulatory RNAs (between 15% and 40%) while in late embryo cloned and sequenced (Pfeffer et al., 2003) .
A total of 4074 clone sequences were obtained and and larvae the number was significantly lower. From pupae, almost all cloned small RNAs represented rRNA current public databases were used to annotate 95.6% of these sequences; the residual sequences could not and tRNA breakdown products. Presumably, extensive apoptosis during metamorphic tissue reorganization be annotated because they did not match to any of the sequenced genomes in the database (183 clones) or caused extensive rRNA breakdown and made it impossible to clone small RNAs at high frequency. Also, we because they matched to a region of the D. melanogaster genome for which no functional or sequence homolfound that pupae-and adult-specific miRNAs, such as let-7, were still present in pupae RNA preparations and ogy assignment could be made (40 clones). The largest class of cloned RNAs represents breakdown products were readily detectable by Northern blotting ( Figure 1B Table 2 ). In most cases, miR* is clearly less abundant, dred forty-one of these sequences were in sense (ϩ) but for miR-10*, miR-13a*, and miR-281-2*, too few seorientation to the mRNA without overlap to other genes, quences were cloned to make any conclusion on the suggesting that these small RNAs are breakdown prodrelative abundance. A similar situation was found for ucts of mRNAs. This is supported by the broad length two small RNAs that are excised from a hairpin residing distribution similar to rRNA and tRNA fragments and the in the noncoding RNA transcript iab-4 of the Bithorax absence of a 5Ј pyrimidine sequence bias characteristic complex. iab-4 contributes to proper formation of abfor dsRNA processing products (Supplemental Table  dominal the intronic regions of protein-coding genes (Supplemental Table S3 ). Some clusters contain only highly homologous miRNAs, such as mir-92a and mir-92b or mirSmall RNAs Derived from Drosophila C virus RNA 281-1 and mir-281-2, suggestive of rather recent gene Drosophila C virus (DCV) belongs to the class of Dicisduplication. For example, the mir-2/mir-13 family is troviridae and the genus Cripavirus (Cricket paralysiscomposed of eight genes that are encoded in four differlike virus) and contains a positive-sense genomic RNA ent genomic regions in D. melanogaster. There are two of 9264 nucleotides in length (Johnson and Christian, single copy genes and two clusters containing three 1998). DCV is phylogenetically related to mammalian gene copies each. In Anopheles gambiae, only five picornaviruses. DCV is commonly associated with Dromembers of this gene family are found, and they are all sophila in nature and in laboratory culture. Infections within one cluster. are not usually associated with a noticeable disease Because positional clustering of miRNAs is a common state although they commonly reduce life expectancy genomic feature of miRNAs, we examined the regions of infected individuals. We isolated 17 small RNAs from adjacent to miRNA genes for the presence of additional DCV, 16 of which were in ϩ orientation and one in Ϫ miRNAs that may have escaped the nonsaturating clonorientation. Considering the broad size distribution of ing and sequencing protocol. By identifying fold-back the ϩ orientation DCV small RNAs, which is similar to structures as well as sequence homologs of known the sense mRNA fragments described above, it is likely miRNAs and only considering those candidates that that most of the ϩ strand DCV small RNAs are not RNase were also conserved in other insect genomes, we identi-III cleavage products. Although the possibility remains that fied eight more miRNAs. These include mir-283 clusthe 21 nt DCV antisense RNA is a breakdown derived from tered with mir-12 and mir-304, mir-100 clustered with the Ϫ strand of DCV, it is also conceivable that the 21 nt let-7 and mir-125, mir-313 and mir-310 clustered with antisense DCV small RNA is a true siRNA that derived mir-311 and mir-312, and mir-2c clustered with mir-13a from the dsRNA replication intermediate of DCV. -125 and let-7 (Figure 1A) . We confirmed RT-PCR analysis, which detected a long primary tranto as long-interspersed nuclear elements (LINE) or script comprising all the hairpin precursor sequences poly(A)-type retrotransposons. Class II elements are (A.A., unpublished data). The clustering for mir-100, mircharacterized by a terminal-inverted repeat (TIR). We 125, and let-7 is conserved in A. gambiae, although the have cloned small RNAs from 38 different transposable distance between the genes has increased ( Figure 1C) . elements corresponding to 40% of all known transposIn mouse and human, the gene cluster underwent dupliable elements in D. melanogaster (Kaminker et al., 2002) . cation and the distance between miRNA genes was in-
The most frequently cloned rasiRNAs were derived from creased further ( Figure 1C) . In C. elegans, neither lin-4 the LTR transposon roo, which is also the most abunnor its paralog mir-237 are spatially linked with let-7 dant transposable element in the euchromatic portion family members (Lim et al., 2003b) ., 1997) . It is possible that these miRNAs it cannot be excluded that dcl-1 may also be able to generate 21 nt siRNAs (Finnegan et al., 2003) . Addition are also involved in regulating irradiation damage response because the grp/miRNA gene structure is conof long siRNAs into wheat germ extracts competitively inhibited the production of long siRNAs from dsRNA served in Drosophila and A. gambiae. The most striking case of intronic conservation is presented by mir-7, (Tang et al., 2003) . However, the addition of short siRNAs did not inhibit the production of either long or short which is found within the last intron of the heterogeneous nuclear ribonucleoprotein K ( 
